INTRODUCTION
Acute respiratory tract infections are the second-most common cause of premature mortality worldwide [1] , with approximately 200 million cases of viral community-acquired pneumonia, annu-사람호흡기바이러스 검출에 대한 다중PCR과 단일PCR의 성능 비교 dependent probe ampli cation [4] . Among these, PCR has emerged as the most convenient technology for multiplexing a large number of targets [4] . Molecular methods currently detect one or more respiratory viruses in up to 95% of children with bronchiolitis, acute wheezing, or asthma, and in up to 72% of children with pneumonia [3] . Molecular diagnostic tests have greatly increased our understanding of the role of viruses in pneumonia and ndings indicate that the incidence of viral pneumonia has been underestimated [2] .
The simultaneous detection of multiple viruses by PCR would be clinically bene cial, because clinical signs and symptoms of respiratory virus infections overlap and are seldom pathognomonic for any speci c virus [3] . Recently, multiplexed molecular assays for respiratory viruses have been commercially developed and used largely for routine clinical diagnosis of respiratory tract infection [4] . However, primer dimer formation and competition between multiple targets would hamper the performance of PCR technology.
Recently, an increasing number of comparative studies have been reported, involving commercial versus laboratory-developed assays, or amongst various commercial assays [4] . However, very limited data is available to compare the performance of multiplex PCR with singleplex PCR for the detection of respiratory viruses. In this study, we aim to compare the analytical sensitivity and multiple virus interference of a commercially available, respiratory virus multiplex PCR kit with the singleplex technique.
MATERIALS AND METHODS

Respiratory Viruses Reference Strains
Commercially available reference strains of 11 respiratory viruses were purchased from Korea Bank for Pathogenic Viruses.
Detailed information regarding the 11 species of virus, such as control number and titer, are listed in Table 1 . The viruses were 10-fold serially diluted in distilled water for the evaluation of assay sensitivity. Viral concentration was expressed as plaque forming units (PFU)/mL, based on the plaque assay, or converted from the value obtained using the tissue culture infective dose 50 (TCID50) assay which is the measure of infectious virus titer to quantify the amount of virus required to kill 50% of infected host or to produce a cytopathic effect in 50% of inoculated tissue culture cells.
Multiplex and Singleplex PCR Kits
Nucleic acid of each diluted reference virus strain was extracted using ExiPrep Viral DNA/RNA Kit (Bioneer, Daejeon, Korea) according to the manufacturer's instructions. Multiplex PCR was performed using AdvanSure™ RV real-time PCR kit (LG Life Science, Seoul, Korea) according to the manufacturer's instructions.
For the same target viruses, singleplex PCR kits were developed using the same primer and probe sets obtained from the same manufacturer. All samples were tested in duplicate and were retested if the difference in threshold cycle (Ct) value between duplicates exceeded 1.0 to exclude random error. Positive and negative controls were tested as batch controls. When titer as PFU/mL based on the TCID50 assay was available, these titers were used as base concentrations. The concentrations of all viruses except two (RSV A and RSV B) were converted from the values based on TCID50 assay. The concentrations of RSV A and RSV B were based on the plaque assay. Abbreviations: NA, not available; PIV, parainfluenza virus; RSV, respiratory syncytial virus.
Sample Preparation for Sensitivity Evaluation
Each virus sample was 10-fold serially diluted with distilled wa-
). Assay sensitivity was de ned as the lowest virus concentration detected by each assay. A Ct difference of >2.0 between multiplex and singleplex PCR was regarded to be signi cant based on the imprecision of multiplex PCR reagents, per the manufacturer's instructions (data not shown).
Sample Preparation for Interference Evaluation
The multiplex kit was designed to test three viruses within a single well (Table 2 ). For the evaluation of interference, the target virus sample was prepared at a concentration 10-fold higher than (Table 3) . However, multiplex PCR showed higher sensitivity for parain uenza virus (PIV) 1 and 3 (the lowest detected viral concentration of both viruses was 6.4 PFU/mL using multiplex versus 6.4×10 PFU/mL using singleplex), and lower sensitivity for PIV2 (6.6×10 2 PFU/ mL using multiplex versus 6.6×10 PFU/mL using singleplex), but the difference was within 1 dilution factor (Table 3) .
Except for coronavirus OC43, RSV A and rhinovirus A, B, and C, the difference in Ct value between multiplex and singleplex assays was < 2.0 for all dilutions of each virus (mean±standard de-
28). Ct values for coronavirus OC43 and RSV
A using multiplex PCR were lower than those using singleplex PCR at certain low concentrations, while Ct values for rhinovirus A, B, and C using multiplex PCR were higher than those using singleplex PCR (Fig. 1 ).
Evaluation of Interference in Multiplex PCR
Ct values for viruses mixed in a single well were not signi cantly in uenced by each other, where the difference between Ct values ranged from 0.24 to 1.99 (Fig. 2 ).
DISCUSSION
As a DNA ampli cation technique, PCR drives modern genomics, forensics, and medical diagnostics. However, the PCR technique is still not necessarily easy to perform or without complications [5] . Due to its high sensitivity, PCR is highly prone to contamination and off-target effects.
In multiplex PCR, two or more loci are simultaneously amplied in the same reaction [6] . By reducing the number of PCR reactions in an experiment, it can conserve expensive reagents and DNA samples [6, 7] . However, multiplex PCR is more prone to contamination, because multiple targets (usually between two and ve) are detected simultaneously in the same tube [5] . If one target requires three primers, none of which should be able to bind elsewhere in the template DNA or to each other, then two targets require six, three require nine, and so on. Each amplicon must either be a different size (for gels) or be labeled with a spectrally distinct uorescent dye. Complicating matters is that different targets in the reaction can compete with each other for resources. If highly abundant templates are detected, the less abundant ones fade into the background [5] . Therefore, considerable time and effort is required for optimization and validation of multiplex PCR.
Our study results show that multiplex real-time PCR assays de- Multiplex Single products, reported that for one marker, the fragment sizes of the products obtained from multiplex PCR were all approximately 2 bp larger than those obtained from singleplex PCR [6] . The authors concluded that primer-primer interaction within the multiplex PCR system may have resulted in this genotyping error [6] .
On the contrary, Wang et al. [8] showed that although 0.7% clinical samples showed discordant results, this was due not to multiplexing but to the different formats of the two assays [9] .
To the best of our knowledge, no standard cutoff has been established to designate a difference in Ct value between 2 qualitative methods as signi cant. Therefore, a difference of >2.0 between Ct values using multiplex and singleplex PCR was regarded as signi cant in this study, based on the imprecision of multiplex PCR reagents, per the manufacturer's instructions (data not shown).
The mean SD of Ct for all respiratory viruses across all concentrations studied was 0.8±0.4. Therefore, the value of 2.0 (2×SD) was used as a decisional cutoff. If the primer is 100% ef cient, theoretically, a Ct difference of 1 indicates that one sample contains twice as much of the template as the other. Using qualitative PCR for virus detection, <2 times the quantity has little effect on the results. We used the same cutoff for difference in Ct value, to designate signi cant interference as that used for sensitivity. All results in this study showed Ct difference of <2, suggesting that there was no interference of counterpart viruses.
The tests analyzed in this study are qualitative; therefore, we could not evaluate the LOD using the method employed for quantitative tests. Rather, we used the 10-fold dilution method to presume the approximate lowest concentration detectable. Even though the assay sensitivity for PIV between multiplex and singleplex assays seemed to differ, this difference was within 1 dilution factor.
This difference could be due either to an error during dilution or to the difference between the multiplex and singleplex procedures.
There were some limitations in our study. First, we could evaluate only real-time multiplexing PCR format for respiratory tract in- [10] .
Second, the singleplex PCR assay kit used in this study was obtained from the same manufacturer as a reagent for research use (not an approved in vitro diagnostics), although the singleplex kit was made using the same manufacturing process and the same primer sets were used, as in the multiplex PCR kit. Third, we used standard virus strains rather than clinical samples. Components of clinical specimens can interfere with PCR, so further study is required using clinical specimens. Lastly, we did not evaluate coronavirus NL63, metapneumovirus, and bocavirus, which were included in the multiplex kit, because of lack of standardized viral materials.
In conclusion, analytical sensitivity of multiplex PCR for respiratory viruses was comparable to singleplex PCR. Interference by other viruses present in the same reaction well, which is a concern while performing multiplex PCR, was not observed in this study. However, it is crucial to validate and verify the performance of multiplex PCR reagents by manufacturer during producing the reagents.
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